Abstract. The response displacement method (RDM) and the response acceleration method (RAM) were studied and summarized from the principle and the calculation step. A typical double compartment utility tunnel model was established. The seismic response of the utility tunnel was calculated by RDM, RAM and time history method (THM) respectively. The accuracy of the two pseudo-static methods was analyzed based on the calculation results of THM. In order to analyze the universality of the two methods in utility tunnel, the following 4 parameters were changed in the calculation: soil type, seismic wave type, PGA and structural stiffness. The analysis of the calculation results shows that the two pseudo-static methods all have high accuracy, but the RAM is more accurate.
Introduction
At present, there is no relevant code for seismic design of utility tunnel in china. With the opportunity to establishment the relevant sections of seismic design of utility tunnel in Shaanxi provincial standard of Design standard for urban utility tunnel of shaanxi province, RDM and RAM of transverse seismic response of underground structures in Code for seismic design of urban rail transit structures GB 50909 are referenced for the seismic analysis of utility tunnel. By comparing and analyzing the calculation results of RDM and RAM with the results of THM, study its adaptability to the utility tunnel, and analysis the calculation error that the two kinds of pseudo-static method. According to the complexity, applicability and precision of calculation, the optimization method is given.
Response Displacement Method The Principle of Response Displacement Method
In 1970s, scholars from various countries research underground structural response characteristics under earthquake by field observation, experimental study and theoretical analysis. The results show that the underground structural vibration together with the surrounding soil under earthquake, structural displacement and acceleration are basically the same as the surrounding underground [1] [2] [3] [4] . Then the Japanese scholars through seismic observation data to further understand the vibration characteristics of the underground structure, gradually realize the decisive effect on seismic response of underground structures is the deformation of surrounding soil not the inertial force of structure, then put forward RDM [5] . The calculation model of the RDM is shown in Fig. 1 . 
Calculation Steps and Parameter Selection [6-10]
The basic idea of RDM is that underground structure movement with the surrounding in the earthquake, the relative displacement along the depth direction of the structure in the earthquake through the foundation spring applied on the structure by the static load, at the same time, considering the seismic shear stress and inertial force of structure, obtained additional forces of the structure caused by the earthquake [7, 8] .
Based on the relevant suggestions of Code for seismic design of urban rail transit structures GB 50909, RDM mainly includes the following five steps.
(1) Calculation of dynamic spring stiffness. 
Response Acceleration Method

The Principle of Response Acceleration Method
The response acceleration method is used to simulate the interaction between soil and structure by applying the inertial force by the analysis of seismic response of one dimensional soil layer in free field [11] [12] [13] . The calculation model is shown in Fig. 2 . 
Calculation Steps and Parameter Selection [10,12]
The steps are as follows:
(1) The shear stress, displacement and shear modulus compatible with strain were extracted by using the seismic response analysis software such as EERA.
(2) The horizontal shear stress is converted to the effective acceleration of the soil layer.
(3) The soil structure interaction model is established by using the finite element software ABAQUS, as shown in Fig. 2 . For the whole system, the seismic response of the utility tunnel can be calculated by exerting the effective horizontal acceleration in step 2.
Calculation Model and Condition
The underground structure selected in this paper is a double compartment utility tunnel. Its standard section is shown in Fig. 3 . The total width of the utility tunnel is 10m, the height is 4m, the thickness of the top panel, the bottom panel and the side wall are all 0.5m, and the thickness of the middle diaphragm is 0.4m. The concrete material is C40, density ρ=2500Kg/m 3 , elastic modulus E=32.5GPa, Poisson's ratio ν=0.2. This paper selects 2 points of A and B on the section to do the response analysis. A is the connection between the side wall and the top panel, B is the connection between the side wall and the bottom panel. When the calculation process to establish two-dimensional finite element model, the depth of utility tunnel is 3m, the width of soil is 7 times width of the structure, the soil depth calculate to seismic datum (shear wave velocity ≥ 500m/s).
Results and Analysis
Before calculating, we found that the change of calculation results of the bending moment of the section B and the deformation of the side wall are the greatest in the calculation of underground structure similar to the structure in this paper. Because of the limitations of the text, and for the purpose of study, we only take the two points of A and B as control points to compare the results of calculation. In order to make a comprehensive comparison of the two pseudo-static methods selected, the following 4 factors are changed in the calculation: soil properties, seismic wave types, PGA and structural stiffness. The results are analyzed in the following paragraphs.
Different Soil Properties
The equivalent homogeneous soil is equivalent homogenization of the soil parameters, such as foundation coefficient, bulk density and elastic modulus when calculating. In order to get the accuracy of the equivalent homogenization of the layered soil in the seismic response analysis of the utility tunnel, the error analysis is made for the layered soil layer and the homogeneous soil layer. The parameters of the soil layer before the homogenization are shown in Table 1 , after the homogenization in Table 2 . In the calculation, the Kobe wave with a PGA of 0.2 is selected. It can be seen from Table 3 that the results of seismic response calculation of the soil layer after equivalent homogenization are all larger than that before the equivalent. In the result of the settlement of RDM, the error of the bending moment before and after the equivalent is all about 9%, but the error of the displacement of side wall is quite different, which is 11% before the equivalent and 1% after the equivalent. The calculation results of RAM show a high accuracy, and the error of the moment and the displacement of side wall is around 1.5%.
Different Input Wave
The time history curves of 3 kinds waves are chosen such as El-Centro wave, Kobe wave and Taft wave and shown in Fig. 4 . The PGA of these seismic waves is 0.2. The calculation results are shown in Table 4 .
El-Centro Wave
Kobe Wave Taft Wave Figure 4 . Different input wave kinds. It can be seen from Table 4 that the calculation error of RAM is smaller than that of RDM, no matter which kind of seismic wave is used. The maximum value of the relative error of the moment in RDM is 12.04% (Taft Wave), and the maximum relative error of the displacement is 11.50% (Kobe Wave). The error of the moment and displacement in the calculated results of RAM is less than 5%. From the above comparison, it is found that the calculation accuracy of RAM is high, and the calculation results do not change with the input seismic wave.
Different Peak Ground Acceleration
The Kobe wave is used to input the PGA to 0.05g, 0.2g, 0.5g and 0.8g respectively. The calculation results are shown in Fig. 5 and Fig. 6 . The PGA of seismic wave is adjusted according to the following formula:
The '(t) a and max ' a are the adjusted seismic acceleration curves and the PGA. (t) a and max a are the seismic acceleration curves and the PGA of the original ground. From the above Fig. 5 and Fig. 6 , it can be seen that the bending moment and the deformation value of the side wall are all increasing with the increase of PGA. As we can see from Fig. 5 , the calculation results of the bending moment of CDM are the smallest and the maximum of THM. In Fig. 6 , the displacement calculation of CDM is the largest and the CAM is the smallest. From the above two figures, we can see that the calculation results of CAM are all close to THM, the degree of dispersion is low, and the error of CDM is great.
Different Relative Stiffness
Using the Kobe wave with PGA as 0.2g, the structural stiffness is calculated at 0.5 times, 1 times, 2 times and 5 times of the basic stiffness. The calculation results are shown in Fig. 7 and Fig. 8 . Figure 7 . The bending moment at B (kN·m). Figure 8 . The displacement of side wall (mm)).
From the above Fig. 7 and Fig. 8 , it can be seen that the variation trend of the results of the three methods is the same when the structural stiffness is changed. The result curves of CAM are close to THM, the result of calculation is close, and the results of CDM have high discreteness.
Summary
In this paper, the RDM and RAM are systematically introduced from the aspects of calculation principle and calculation steps. The applicability and error of RDM and RAM are analyzed for a typical utility tunnel by modeling and calculation. The following conclusions are obtained through the analysis of this paper.
(1) In actual calculation, the results of structural seismic response calculated by the equivalent homogenization method of the layered soil are large, which is safe in practical engineering.
(2) By changing the parameters of 4 aspects, it is found that both CDM and CAM can be applied to the seismic response calculation of the utility tunnel. (3) No matter what kind of calculation conditions, CAM has high accuracy, while CDM calculation results are discrete. Therefore, it is recommended that CAM be used for seismic response calculation of utility tunnel.
